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PRELIMINARY DATA SHEET

NEC MOS INTEGRATED CIRCUIT
uPD488170

18M bit Rambus DRAM
(1Mword x 9bit x 2bank)

Description i
The 18-Magabit Rambus™ DRAM (RDRAM™) is an extremely-high-speed CMOS DRAM organized as 2M wor
9 bits and capable of bursting up to 256 bytes of data at 2 ns per byte. The use of Rambus Signalin‘

i %\ methodo
s.

Features
- Rambus Interface:
- 500 MB/sec peak transfer rate per RDRAM
- RSL interface

art Number Clock Frequency Operation Voltage PACKAGE
wPD488170LVN-A50-9 250MHz 3.3%0.15V 32pin plastic SVP
uPD488170LVN-A40-9 200MHz 3.3+0.15V 32pin plastic SVP

Rambus™ and RDRAM™ are trademarks of Rambus Inc.

The Information in this document is subject to change without notice

1C-3384 (Japan) 903
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Pin configuration

Voo o—1 1
Gnd o0— 2
BusData8 OQ-w-a{ 3
Gnd o— 4
BusData7 Qwa—a{ 5
(NC) O—— 6
BusEnable O—={ 7
Voo oO—— 8
BusData6 Q-e—l g

Gnd Oo— 10
BusData5 Q- 11
Vooa oO— 12
RxCik O—» 13
GndA oO— 14
TxClk O—»] 15
Voo Oo—— 16
BusDatad4 O-a—{

BusData2 O-w—{ 25
(NC) O——1 26
BusDatal Qw27
Gnd O—28
BusData0 Q=] 29
(NC) O0— 30
Gnd O—— 31
Voo o0—a2

BusData 0 - 8
RxClk

TxClk

Vref

BusCtrl
BusEnable
Vdd, VddA
Gnd, GndA
Sin

SOut

Bus Data (Input/Output)
Receive Clock (Input)
Transmit Clock (Input)

Logic Threshoid Voltage (Input)
BusCtrl (Input/Output)
BusEnable (Input)

Power Supply

Ground

Serial Input (Input)

Serial Output (Output)
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Block Diagram

. DRAMAH’&V Bank 1.

- “BusEnable, BusCtrl, BusData[8:0]

Rambus Channel

—-ClockFromMaster

TlockToMaster
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Pin Function

Signal

l{e]

Description

BusData[8-0]

1o

Signal lines for request, write data, and read data packets.
The request packet contains the address, operation
codes, and the count of the bytes to be transferred. This is

a low-swing, active-low signal referenced to Vref,

RxClk

Receive clock. Incoming request and write data packets
are aligned to this clock. This is a low-swing, active-low

signal referenced to Vref.

TxClk

Transmit clock. Outgoing acknowledge and read,
are aligned with this clock. This is a low-swing

signal referenced to Vref.

Vref

Logic threshold voitage fé

BusCtr

Control signal

BusEnable

set all devices on the Channel. This is a low-

g, active-low signal referenced to Vref.

+3.3V power supply. VddA is a separate analog supply.

Circuit ground. GndA is a separate analog ground.

Initialization daisy chain input. TTL levels. Active high.

Initialization daisy chain output. TTL levels. Active high.
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Rambus System Overview
A typical Rambus memory system has three main slements: the Rambus Channel, the RDRAMSs, and a Rambus

Interface on a controller. The logical representation of this is shown in the fig.1 below.

Rambus RDRAMs
Channel Controller hanr;.rt::ls
Master DRAM Slaves)

Core

Rambus Interface

Rambus Interface

Rambus Channel = 9 bits every 2 ns

*@fwa hlgh Agel block-oriented protocol.

ﬁ“ﬁz y

éﬁhigg Aee

together. Using@w

devices thraugh t

G enerating{fansaction requests and can be ASIC devices, memory controllers, graphics engines, peripheral
A,%ups or rﬁ%bprocessors RDRAMs are slave devices and only respond to requests from master devices.

%%“ The following fig.2 shows a typical physical implementation of a Rambus system. It includes a controller ASIC that
B acts as the Channel master and a base set of RDRAMs soldered directly to the board. An RSocket™ is inciuded on the

Channel for memory upgrade using RModule™ expansion cards.
(RSocket™ and RModule™ are trademarks of Rambus Inc.)

ooaanoonoo

@ RModule

RSocket

Rambus
Channel

RDRAMSs

ASIC with
Rambus
Interface
Cell
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Fig.2 A Rambus System Example
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Rambus Signaling Logic

RSL technology is the key to attaining the high data rates available in Rambus systems. By employing high quality
transmission lines, current-mode drivers, low capacitive loading, low-voltage signaling, and precise clocking, systems
reliably transfer data at 2 nanosecond intervals on a Rambus Channel with signal quality that is superior to TTL or GTL-
based interfaces.

All Rambus Interfaces incorporate special logic to convert signals from RSL to CMOS levsls for internal use. In
addition, these interfaces convert the Channel data rate of one byte every 2 nanoseconds to an internal data rate of 8
bytes every 16 nanoseconds as shown in the fig.3 below. Although the bandwidth remains the same, the use of a wide

internal bus eases internal timing requirements for chip designers.

Al Bark7 1 { Saris_
f
Banki Bani2
Sense amp cache page1 Sense amp cadw page2
Address Compar.
.
Byws 2 Channel
Bbits every 2m
3
Byw b
Bywa Rambus interface Coll
- Macrocel in Embedded
clcie)’fo Amay and Standard
Col ibrasies
- Convers Rambus
Channel small swing
cignals b ASIC-core-
compatble CMOS levels
« Converis 0 bits every
2% 72bis {x2)
wvery 16me
- Conisine PLLs
« Al vendors cells
are 100% compabble

Fig.3 Converting the Channel data rate
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Protocol
The high-level transaction protocol used in Rambus systems is built from several types of information packets. These
include the request, acknowledge, serial mode, and data packets. A master device initiates a transaction by generating

a six byte request packet containing address, control, and byte count information as shown in the fig.4 below.

BusCurl BusData[8:0
j—>ie ) >
] 1 1) ¥ | L

Opl0] Adr[9:2]
- | | T L] ] 1 |
£ Op[3] Adr{17:10}
8 T T T T T
o Adr[26:18)
3 T T T T T T
2 Adr{35:27)
© ] L T t
o« ReqUnimp][5:4] Count[6,4,2]

L] 4 1
Unimp[8:6] Count[7,5,3]

Fig.4 Request Packet I;

: <x%\%’Ecess their assigned memory range. The device
n‘%owledge packet back to the master. The RDRAM also drives

8 and write transactions. The actual timing from the end of a request packet

“adjustable through RDRAM register settings.

_.i I'_4ns

|12 ns —»{¢——— 28 ns —>]

Write Request  Write Data  Ack

Fig.5 Sample 16-Byte Read and Write Transactions
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RDRAM Commands

The request packet generated by the master device contains an Op and OpX field used to specify the type of operation
to be performed on the RDRAM being accessed. The following table describes the types of operations supported in the
16-Megabit RDRAM.

Table 1 Types of operations

Op[3:0] | OpX[1:0] Name Description
0000 00 Rseq Read sequential data from memory space.
0000 01 Rnsq Read non-sequential data from memory space.
0100 00 WseqNpb | Write sequential data to memory space with no per-bit mask application,
0100 o1 WseqDpb 5
0100 10 WseqBpb
0100 11 WsegMpb
0110 00

0111

2

1000 :Write non-géquential data to memory space with no per-bit mask application.

1000 n-sequential data to memory space with data-per-bit masking. Static bit

masks are supplied by the MDReg while write data is supplied in the data packets.

Write non-sequential data to memory space with mask-per-bit masking. Both write
data and dynamic bit masks are supplied in the data packets.

Write non-sequential data to memory space with mask-per-bit masking. Static write
data is supplied by the MDReg while dynamic bit masks are supplied in the data
packets.

1100 00 WbnsNpb | Write non-sequential data to memory space with byte masking and no per-bit mask
application. Both byte masks and write data are supplied in the data packets.

1100 01 WbnsDpb | Write non-sequential data to memory space with byte masking and data-per-bit
masking. Static bit masks are supplied by the MDReg while byte masks and write
data are supplied in the data packets.

1100 11 WbnsMpb | Write non-sequential data to memory space with byte masking and mask-per-bit
masking. Static write data is supplied by the MDReg while byte masks and dynamic
bit masks are suppligd in the data packets.

1111 WregB Broadcast write to register space of all responding devices with no acknowledge

pemnitted.
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Random Access Mode

Non-contiguous blocks of memory can be accessed through the use of the read and write non-sequential operations.
With these commands, multiple eight-byte blocks {octbytes) of data within a cache line can be accessed in a non-
sequential fashion. To do this, the master device sends a request packet specifying a non-sequential operation along
with the address of the first octbyte to be accessed. The master device also generates a serial address packet on the
BusEnable signal that specifies the address of the next octbyte. Successive serial address packets continue to specify

new addresses within the cache line while data is continuously transferred until the access is complete.

Bit Masking £ 1
Three forms of bit masking are available for write operations. These operations are referred to as data—per-%@g%):' %
mask-per-bit (Mpb), and both-per-bit (Bpb) masking. An eight-byte register within the RDRAM (MDRe 494 to hold N -

either mask or data information for these operations. E

With the Dpb operation, the MDReg is used to hold a static mask that is applied to

bit masks supplied in the data packets before being written to the

The Bpb operation requires data packets to alternate between

ht dat kets that follow. This means data packet 0, 9, 18, and 27 are not written to memory, but are instead used

as byte masks for the sight octbytes of data that follow.
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RDRAM Overview

Conceptually, the RDRAM can be divided into three sections referred to as the physical, logical and application layers.
These are shown in the fig.6 below.

. 2KByte Row Sense Amp Cache

¢

. Application Layer

Logical Layer

— ) Control Logic

Rambus Channel

v

Fig. 6 Block diagram

The physical layer consists of a clock generator, a receiver, and a transmitter. The clock generator uses the external
clock signals RxClk and TxClk {tapped off the Channel traces ClockFromMaster and ClockToMaster) and creates the
internal signals RCIk and TCIk. These are used by the receiver and transmitter, respectively, to transfer a bit every 2
nanoseconds on each wire between the RDRAM and the master device. The receiver and transmitter blocks also
contain multiplexing and storage hardware to permit the internal RDRAM data paths to operate at the slower clock rate

(but equivalent bandwidth) of eight bytes transferred every 16 nanoseconds.
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The logical layer consists of control logic and configuration registers. The registers are read and written using special

register space commands and control the following aspects of RDRAM operation:

Table 2 Special register

Register Description
DeviceType Readable register that defines the type and size of the de-
vice along with part version information.
Deviceld Used to define the base address for the RDRAM.
Delay Used to specify programmable CAS-type delay values.
Mode Used to enable device, control refresh mode, and adjust

current control settings.

Refinterval Used to define the refresh interval for self-refresh.

RefRow Contains the current refresh row and bank in

Rasinterval Used to define RAS timing paramet

Mininterval

AddressSelect

DeviceManufacture

Ble register containing the row numbers for the cur-

tly sensed rows in each bank.

Used in performing write-per-bit and mask-per-bit opera-

tions.

The application layer consists of a standard DRAM memory core and row sense amplifier caches.
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Caches

Each RDRAM is broken down into two independent banks of memory. Each of these banks has a 2KByte cache line
associated with it that is built out of targe sense amplifier arrays. These caches work by holding the last accessed row of
their associated bank in the sense amplifiers allowing further accesses to the same row of memory to result in cache
hits. With the row already stored in the cache, data can be accessed with very low latency. Each RDRAM added to a
system adds two cache lines to the memory system helping increase cache hit rates.

A cache miss results when a row is accessed ihat is not currently stored in one of the cache lines. When this happens,
the requesting master is sent a NACK Acknowledge packet indicating the requested row is not yet available. The

RDRAM then loads the requested row into the cache line and waits for the master to submit a retry of the previous

request. The figure below shows an example of a read miss followed by a read hit for a 32 byte memory read opergyj

" |<'4ns
M

{12 nsjat— 76 ns -»-{ 12 ns | 28 ns

[
Read Request  Nack - Read Request
(Miss) i

8 and Read Hit Transactions

quence in one RDRAM which is then followed by the next RDRAM. By using address mapping, contiguous blocks of
%esses are split across several RDRAMSs, and therefore across several cache lines. In a typical system containing,
for example, eight RDRAMSs, miss rates could be expected to be as low as 5%. Address mapping is easily adjusted by
writing a control register in each RDRAM.

Automatic Refresh

RDRAMSs have been designed with built-in self-refresh circuitry to ease system design requirements. Registers are
provided to enable and adjust self-refresh operation. If automatic refresh is disabled, refresh must be accomplished
through standard memory reads and writes. When automatic refresh is enabled, refresh operations are done in bursts
refreshing 4 rows of an individual bank at a time with banks being alternated each refresh cycle. The entire RDRAM is
refreshed every 16 milliseconds with 128 burst refresh cycles.
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Standby Mode
The RDRAM'’s normal state while not being accessed is standby mode. While in this low power state, each RDRAM

monitors the BusEnable signal for a serial mode packet while ignoring most other activity on the remaining Channel
signals. The serial mode packet is used by a master device to bring all RDRAMSs temporarily out of standby and into
active mode so they can respond to a request packet. Once a request packet is acknowledged, all RDRAMSs return to
standby mode with the exception of the one responding to the request. This device will return to standby mode once the
read or write operation is completed.

Unlike conventional DRAM memory systems where each device in an entire bank of memory must be kept active and

consuming power through an entire access, Rambus memory systems allow only one active device while all others

remain in a low power state.

PowerDown Mode

Power may be greatly reduced by using the powerdown mode. This mode is manually

- dev Thns '|s done by supplying a low frequency

square wave on the Sin TTL signal. Thnsmpag . h%bRAM and is used to initiate asynchronous refresh

operations in each device.

i ”:%““\
Each RDRAM may mlacm ither low or h’@i‘ threshold powerdown mode. This refers to the number of serial
o

¢<:¢:<

<.‘&@te up %WM Low threshold requires relatlvely few serial mode packets while high

o

@ﬁ‘?n low thresﬁ?ﬂd powerdown. This would permit screen refresh to take place without powering up the entire memory

Transactlon Concurrency

Concurrent transactions can be used to optimize RDRAM utilization in high performance applications by taking advan-
tage of available Channel bandwidth during cache miss latency periods. When a miss in one RDRAM takes place, that
device will be busy loading a new row into one of its cache lines. Other than that, the Channel and all other RDRAMs will
still be available for use. Instead of waiting for the first RDRAM to finish loading its cachs, a transaction to another
RDRAM can be initiated.

This can be used in various ways. In systems where memory accesses can be queued, a transaction can take place
for any pending access residing in a different RDRAM. When that transaction is complets, the first transaction can be
retried.

Pretouching can be used in systems where memory accesses are predictable, such as video applications. This is
done when an application is finished with a particular RDRAM and about to access a different one. if the next access to
the original RDRAM is known in advance, a dummy transaction can be first generated to cause a row miss and prepare
it for its next access. Transactions to other devices can then take place while a cache fill is taking place. When the
original device is next accessed, the required row of data will already be loaded in the cache line and a cache hit will take

place. 915
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Absolute Maximum Ratings

The following table represents stress ratings only, and functional operation at the maximums is not guaranteed.
Extended exposure to the maximum ratings may affect device reliability. Furthermore, although devices contain protec-
tive circuitry to resist damage from static electric discharge, always take precautions to avoid high static voltages or

electric fields.

Symbol Parameter Min Max Unit
Viaes Voltage applied to any RSL pin with respect to Gnd -05 Vopt0.5 v
Vi rriass Voltage applied to any TTL pin with respect to Gnd -05 Vyo 0.5 \
Vooaes Voltage on V., with respect to Gnd -0.5 VyorMAX+1.0 v
Tyaes Junction temperature under bias -55 125 T
Terore Storage temperature -55 125 i

Thermal Parameters

Symbol Parameter and Conditions ik, s Max Unit
J Junction operating temperature i 100 T
8, Junction-to-Case the! sistitig TBD T/Watt

Capacitance

'arameter and Conditions Min Max Unit

wing input parasitic capacitance 2 pF

TTL input parasitic capacitance 8 pF
Power Consumption

Mode Description Min Max Unit

Powerdown | Device shut down TBD mw

Standby Device inactive 220 mwW

Active Device evaluating request packet 550 mw

Read Data being transfered from device 760 mw

Write Data being transfered to device 860 mw
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Recommended Electrical Conditions

Symbol Parameter and Conditions Min Max Unit
Voor Yooa Supply voltage — 3.3-voit version 3.15 3.45 v
Vier Reference voltage 1.9 2.4 v
\A Input low voitage Ve~ 0.8 Vper - 02 v
Ve Input high voltage Vper + 02 Vier +0.8 v
Ve TTL input low voltage -05 0.8 v
Vam TTL input high voltage 20 V;,0+0.5 v

Electrical Characteristics

Symbol

Vper CUrrent @ V. MAX

Parameter and Conditions ’ it

HA

Output high current @ (0SV,,,SV,,) pA
Output low current @ V,, ;= 1.8V 35 mA
; 1.1 mA

10.0 HA

0.4 v

vDﬂ
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Recommended Timing Conditions

Symbol Parameter and Conditions Min Max Unit
tom bor TxClk and RxClk input rise and fall times 0.3 0.7 ns
toveie TxClk and RxClk cycle times 4 10 ns
trex Transport time per bit per pin (this timing interval is | 0.5 (2ns @ 05(2ns @ tovae

synthesized by the RDRAM's intemal clock generator) | t... . =4ns) [ t.. .= dns)

ton ta TxClk and RxClk high and low times 45% 55% | S
tn TxClk-RxClk differential 0 tovae - 06 ns
L b Data/Control input rise and fall times 0.3 0.7 ns
Lorr tor Data/Control output rise and fall times 0.4 0.6 ns
% Data/Control-to-RxClk setup time 0.3

t, RxClk-to-Date/Control hold time 0.3

Lo Refresh interval

| S— RDRAM intemal clock generator lock time in active

mode

Y ook sTanoey RDRAM intemal clock generator lock time jg“sbafli.

mode tovore = 4NS)
“13?.?
Timing Characteristig:
g Min Max Unit
opagation delay @ C,,, = 40pF 25 ns
“to-Data/Control output time tovaed - 0.3 | tyq /4 +0.3 ns
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Rambus Channel Timing

The next table shows important timings on the Rambus Channel for common operations. Please refer to the RDRAM
Referance Manual and 16Mb RDRAM Specification for all possible interactions that could occur on the Rambus Chan-
nel. All timings are from the point of view of the Channel master, and thus have the bus overhead delay of 4ns per bus

transversal included where appropriate

Symbol Parameter and Conditions Min Max Unit
tovae TxClk and RxClk cycle times 4 10 ns
taeeponse Start of request packet to start of acknowledge packet. 6 g tovae -
L Start of request packet to start of read data packet for 100 41 "
row hit (Okay). ‘ i S
| SU—— Start of request packet to start of write data packet for 40 Vi N
row hit (Okay). ;
toerrvsensen Start of request packet for row miss (Nack) to sta (’i tevae
CLEAN (roresios) request packet for row hit (Okay). ) .
The previous row is unmodified. U, ¢
Yervsensep Start of request packet sl 29@ tvae
DIRTY (rostore) request packet for b

The p s row is modifi

tart of requi, ac;:é\wwd of 32 byte read data 269 tovae
e o
6t for row, it )

o

el jost packst to end of 256 byte read data 138 tovae
%
:packet for row hit (Okay).

Start of request packet to end of 32 byte wiite data 20¢ tevae
packet for row hit (Okay).
Start of request packet to end of 256 byte write data 132@ tovae
packet for row hit (Okay).

Note

(1) Programmable

(2) Minimum at t., ., .,MIN. Delay programmable to give equivalent timings at longer ..., .-
(3) Calcutated with t..,r,,MIN

(4) Calculated with t,p e\ -MIN
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Rise/Fall Timing

VRxCk ""\"""'"""""/:' VIHMIN
Vixck Rttt | Sedadiedediuiiadintduiuindod gl Al [ WITS ¢

Ao e -
VDatan —_?;,&‘:_‘::_‘:_'_':_‘:_f = ViHMIN

Vcontrolin ' 4= =" ViLMmax

o b o] -

VData,out - J\ """"""" f’ VOHMIN
Vcontrol.out iiatried o aifuindinfadinfinfintiefinfufufin T T VoLmax
N L

Where: .
Vormn = Vream - Zo * (loHmin )
VoLmax = VTERM - ZO* (I

Clock Timing

VREF

Receive Data Timing

tevole
trick (even) | trick (odd)

Vpata,in
Vcontr ol,in




NEC uPD488170

Transmit Data Timing

tevcLe
trick (even) | trick (odd)

VData,out
VControl,out

VswiTL=15V
Read Hit TintH

1READHIT |
BusData Request Packet > @ @ @ @

tRESPONSE |
A

s X770 | iz

(Okay)

Write Hit Timing Diagram

teye

- IWRITEHIT ol
BusData < Request Packet ?RESPONS @ @ @ ————— I ““““““““
s O, | 772

{Okay)
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Read Miss Timing Diagram

< tRETRYSENSEDCLEAN e YREADHIT > I

BusData < - Request Packet > <> - Request Packet >

{RESPONSE N tRESPONSE

BusCtrl

Write Miss Timing Diagram

SN e

{RETRYSENSEDCLEAN

BusData Request Packet >
tRESPONSE

BusCtrl

,,_: (Okay)
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Package Drawing
The RDRAM package is a vertical surface mount package (SVP) which is an EIAJ standard (#ED-7424). Dimensions

are shown in the figure below.

5 25.0 (984) ol
| bl |
. 1.25 (49)typ
—
&
<
o
O‘/INDEX
Y
0.50 (20) 0.65(26)typ ™ I Pliag:g
g 2.60(102)max vjig
3.60(150)max

<
-«

32

0.90 (30) 0.90 (35) typ
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